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I.— Introduction. 

Dl'ri.st; the last three yeai'.s I have been watcixing the growth tind 
gradual extension of numerous “ fairy rings.” All these rings have 
been formed by the fungus Marasmius oreodt’^, with the excepl'^^'i 
t'vo particularly large one.s, which are due to tlie fungus CHtocybe. 
.i^i"aiitea, I have taken measurement.s and made records of the 
‘iiinual extension of some of the Afaraim/ws orr^ades ring.s, .since lliey 

iJwjt.N. Euo.n. Biol.. Octohar, 19x1, vol, vl, No, 4.J 
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arc In a (iclcl which is not used for ^^razin^r purposes, but 1 have not 
been able to do the same with tliose formed by Clitocybc f^i^anlea, 
h(raus(‘ anv stakes used to mark l)oundaries always disappeared —no 
doubt trodden down by cattle. 

“ I'airv rinj^^s ” ha\'e been rioted from very early times, and luive 
nutre often been the subject of rhyme .and romance llian of scienlilic 
investigation. 

Ill the Wild (!tir!cnul, by S. Waring (iR.'t;), the death of the 
grass was said to be chie to the spawn of the, fungus enveloping the 
roots so closely tliat ahsorjition was prevented. 

Ill 1846 Wav' suggested that the zone of luxuriant grass was 
due to the valuable manuring of phosphoric acid, potash and sulphair 
of lime left hv the fungus of the preA'ious vear, and he eonsidereil that 
the fungus might still grow on that same zone were it not for com- 
petition with the now vigorous grass, 

In 1875 (hlbert’ published a paper “ On the Occurrence of Ihiirv 
Kings,” and in 1SH3 f.awes, Gilbert and Warrington' published a 
paper entitled “Contribution to the Cliemisfrv of Fairy Ring.s.” 

'I'liese gave the results of an investigation which Avas undertaken 
to determine the source of the nitrogen of the “ Fairy King ” fungi, 
wliicli evidently were the cause of a natural rotation of crops. It 
was concluded that the source of the nitrogen Avas the organic 
nitrogen of the .soil itself. 

In i8()8, in Australia, McAlpine* published a paper “ On Fairy 
Rings and the F'airy Ring Piifl-Ball.” He gave a brief account of 
die “ Fairy Rings ” caused hv a puff-ball, l.ycopcrdon cyclicum, 
and was successful in exterminating them liy means of the application 
of a 10 per cent, solution of sulphate t)f iron, and also by means of a 
Bordcaii-x mixture (Copper siilphalc 6 lbs., ([iiiek lime 4 lbs., and 
water 25 galloms). 

In 1905 Fr. d'liomns^ published the results of his observations nn 
the growth of a fairy ring caused by Hydnum suavcojens. He 
found the as’erage yearly increase wa.s about 22 rnis., and from licit 
calculated that the ring must have been 45 years old, 


' Way. On ihc Fairy Hinj^s of Past arcs illastrating the use of Inorganic Manures. 
Ciicna. Sect. Brit. Assoc,, 184(3, 

>J. H. Gilbert. Note on the OoouTrcnca of" Fairy Rings," 1875. Sir J. B. Lawes, 
J. H. Gilbert, and R. Warrington. Contribution to the Chemistry of "Fairy Riag^i" 
1883, Roibamsied Memoirs, vol. v. 

5 D, McAlpine. Report on Fairy Rings, and the Fairy Ring Puff Ball, Dept, of Agric., 
Victoria, 1898. 

* Ff. Thomas. Die Wiichstumsgeschwindiglseit eircs Pilzkreises von Hydiiiim smiW'/inJ. 
Scop. Her. d. denlscher Bot., Her., 190^, Bd, 23, p. 476. 
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In i^to Massart' piiblislied a paper on “ I'airv Riiip^s,” a 
summary of which was given in the Jonmul 0/ f/u’ Knva/ 
di/crnscoIxVa/ JiionViy. 

In this (he sterility, as regards fungus growlli of the ground 
enclosed by the ring, Avas noted, and also (he fart that no fungi grew 
at the point of contact of two rings. From analogv with higher 
plants lie argued that probably the mycelium secreled some poison 
fatal to fiirtlier fungal growtli, llioiigii not to the growth of higher 
plants. 

From this review of the literature on the subject it will he seen 
that comparatively little is known ahoiLt it. A satisfactory explnna- 
don as to why a “ Fairy Ring e\(eiids as a ring and not as n disc 
is still recpiiied; as yet no one knows lunv (he fungus first infccls 
the soil, and there appears to be only one good record of the vearlv 
increase in radius of a ring. The rings ea\ised hv .'l/’iirttAno’it.'; 
nrerrdcs have rccciAcd most attention from other workers, but hitlunlo 
the lifC'historv of the fungus does not seem to h.i\'e beim worked 
out nor (he problem of parasilism iiivoh-ed suffeierilly iiive.stigaled. 

“ I'airv Rtng.s ” often conlinue to evtend for many years, 
ixtssiblv in some cases fur f Itv or cA cn a luindfed years. Sometimes 
iliev disappear unexpectedly and thus put air end (o observations 
on vearlv extension. Sometimes, too, segments of rings, afier 
disaijpearing for a rear or eighteen months, rcappe.ir again. • It i.s 
obvious, therefore, that an investigation upon “ Imiry Rings’* must 
of necessitv he ineompk'te unless extended over a long period of 
rears. 


H.--“l‘Amv Rixa.s ” roRMKD bv i\lA5t,\sMn s om-:\ni-:s. 

Observations were first made in the middle of June, upS; lh(‘ _ 
rings were then r'crv conspicuous because of llie dead gras.s on them 
{fg. A h), and because of (he zone of rich dark green grass just 
within the ring of dead grass (hg. A a). \ he.se (wo zones have alrvavs 
lieen commented upon whenever fairy ring.s have been under 
clisrijssion, hut outside the ring of dead grass another ring (lig. A c) 
of dark green grass ran invariablv be .seen also showing more 
vigorous growth than that rif (he field generally, This band i.s at 
first only an inch or so in widlh, huL as (he .summer advances it 
extends, and towards the end of Se[](c’inher it is InrKuk'r (Itan eillier 
file inner ring of dark green grass or ihe ring of dead gra.s.s. Ibis 

'.Ma.5sart. Ann, Jant. B.^l. Ruitenzog, sapp. 3 , pt. i;, iyio, pp. 5 S 3 0; alsc3 j.ICM.S., 
lyto, p.73j 
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uutt!r ricifr of dark grass has pc'rliups liillicrtu escaped nodcc 
l)ccausL', by the time it allains ti width of several inches, ihc grass of 
the field generally with advancing summer and autumn has also 



hlg. A,— Diagram sliowing the diflerent zones of a " i^airy Ring." 

a, Inner dark green grass zone, &. Dead grass zone. 

[. Outer dark green grass zone. 

dt'epened in colour, and does not present the contrast noticeable in 
connection with the luxuriant inner dark green band in spring and 
early summer. 

'I'he soil underneath these three s'ones, when examined, Avas 
found to be well penetrated hy mycelium to a depth of about a foot, 
and undt.T the ring of dead grass tliis was especlalh noticeable, since 
dense wefts of fungus hyphae among particles of soil could easily be 
discerned by the naked eye (PI. v, fig. 5). In sods from nearer the 
centre of the ring Ilian (he inner dark green band of grass, there is no 
(race of fungus mvceliiim, otlier than that which is to be found in 
soil taken at random from any part of tlte field, for it is impossible 
to tlnd turf {|uite free from fungus livphae. The grasses killed by 
the fungus include Hoh'us lanalus, Anthoxanthum odoraiiim, 
Aj^roslis AoUinifer, .ft'CJifl flavcsccns, Lolium perenne, Poa prutensis, 
DiUiylus i^lomcnda, and with these were Trijolium repens and 
P/aii/ago hoiccnfala. 

During late summer and autumn the dead grass of the middle, 
ring (fig. A is gradually replaced by dark green grass similar to 
that on the inner (fig. A a) and outer zones (fig. A c). This apparent 
revival is due to rhizomes from neighbouring living grass plants, for 
all rhizomes and roots connected with the surface dead grass are quite 
killed by the fungus and become thoroughly rotten. This also 
applies to tlie plaintain and clover associated with the grass, but 
docks and sorrels seem able to withstand the fungus. 

During December, January and February, these fairy rings arc 
hardly \'isible, but the soil contains just as much mycelium as at 
any other time of the year, only Avith this difl'erence -the mycelium 
in the outer dark green grass zone has increased very much in 
quantity; here it has become so dense that it forms a Avhitc fell-work 
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whicli is very midily seen nt tl]{‘ siirfruv (if iIk.' i^rouiul roiiml tlu- liases 
uf tlie living [rrass sliools, and wlieii pluckecl away looks like fra^^- 
nienfs of coltuu wool/ Abtjut Fehi'uary or .Mareli, or laler if (lie 
season is not mild, the j,^rass on this zone lu'^nns to ilaj;' and linalU’ 
dies, and what was the outer dark p^reeii grass zone of one rear 
becomes the dead grass ring of the sinTeeciing year.' 

The dense white weft of mA'celiuin on the stirltice remains l islhle 
for several months in fields of mowing grass, but it always disappetirs 
in sumnier in grazed fields or on lawns, no doubt becatise of the dry 
atmosphere tn which it is subjected under expost-tl condifioiis. If (lie 
weather is mild and damp, about :i month after (lie dying down of (he 



Fig. B.— A sod from a Marastnins i>miks ring sliowiag ihe 
fungi springing up on (he dead grass zone, x j. 

grass, the sporophores of the fungus begin (0 appear and these are 
always most numerous were the surface mycelial weft is (kmsest. 

I.- d’JlK JxFLUF.VC'F: of THK MvCFLll'At ox IKK .MFSouniox or Watfk 
BY TiiK Soil, 

A Aery striking feature in connection with Fairy Kings is the 
influence the fungus mycelium has on the nb.sorplion of water hv the 
.soil. The earliest notice of this known to (lie author is in a small 

* Tliis mycelium when pressed against litmus paper has an acid reaefion, 

® This year (rgir) (lie grass OD one ring was dead in jandary ; this vwis [iruliably due to 
the very mild weather during December faconring the growth of the fungus. 
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unscit'tuiru'. publii'filioiif cnllcd The U'i/d (iarlam}, by S. Wnring, 

and Lawfs' also drew attention to this fart. They 
pointed mil that iinfl(‘r lli(‘ dead ^rass zone (h^. A b) (he soil was very 
dry and could only be wetted with difficLiltv, This is characteristic 
of both the -VuMynibcs oroados and C/doryhe rings. The 

scfil under tlie dead grass, e\eti after continuous rain for n week or 
more, is always drier and paler in colour than that of the field 
geuerallv; the soil under (he iniUT and outer dark green gras.s zones 
(llgs, A and C') is also always considerably drier than that well 
without or well within the ring, but it is nut quite so impervious to 
inoistiirr as the soil under the middle dead grass band (fig. A h). 

Often in summer, after continuous rain for two or three dav.s, 
sods from llu' (ksid grass zone, when examined, have been found to 
he quite p.ile in colour and onlv slightlv damp rnmpnred with the 
saturated sods from well outside the ring; and after henvv rain, last- 
ing iK'arlv twentv-foiir hours, the moisture has not even penetrated 
the surface, whereas the soil at a dislanct' of two ha*! either wav has 
been damp (n a depth of four ini'hes or more. 

This rendering of the substratum imneiwioiis f<» moisture seimis 
not .'in utK'ommon charactmistic nt fungi. I'alrk'’ notes a similar 
phenomenon in connection with Cof^riiuis .vicrcrirur/iu^'. and it is a 
(lu'itter of cnmiuon observation that blofting- p.aper grown over with 
yjiiair can onlv with diflirulty be Avetted. Infected soil, even after 
st('rilizalicin, still offers n'sistam'c to the percolation of w'ater. 

In order to find some explanation of this phenomenon a .scrie.s of 
expcrinienls were made in wliidi the rate of flow of w.-iter through 
infected and uninfected soil was tested in tree-pots. The pots held 
bo rc. of soil. 

In the tlrst expm'iment a potful of ordinary uninfected soil Avas 
placed ill each of three saiK'ers; over the first Avas poured an extract, 
made by pounding up an equal (|uanlitv of Infected soil with suhlrirnt 
water to just cover it and leaving for fwentv-four hours before strain- 
ing: over tile sec<iiid saucer Avas poured an equal quantity of tap 
water; both lots of ,s(iil Avcre well stirred up and made info a thick 
pa.st(‘; the third lot was left untouched, h'liese three lot.s of soil were 
left for two davs lu drv at a temperature of 40° (', after wliiih the 
soil of each lot wa.s pounded up in a inorlar and replaced in a pot: 
i‘t|ual (juanlities of water (7 ec. at a time) were then poured over I he 


* Gilbert and IvS-wes. 1. c. 

'Falck. 7, Dio], d.^Piluniiea,, 1952, D 1 viii. Die CuUur des Oidiea und ihre 

Ru:'ibi'\rang in die hdhsre Fruchtform hei den Il,\sidioiri|cetes, 
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three pols simiiltnneou.sh’, and the time lakeii hv ihe water to s<ial{ 
into the soil was noted. In ear'll ease the firsi 14 ce. ol' watr-r sank 
rapidly, (akin^f one aiula halt niimites tiksoai; in, hiit afterwards ihe 
water took from a lia!f (0 s\\ niiniiU's hiiiti'iT tn soak inin ilie sni! 
wliieh had ber'n treated with soil extract or with water. Tiiis exjieri- 
nient wa.s repeated three limits with similar results. 

It is known that solutions of orpjaiiic matter, espei'ially those 
whieli have little oil in them, Itave a surface tension below that of 
water'; hcmre it might [)(Tlia[)s iitive been inferred dial tin' wai(M' nf 
intVi’ted soil, .since it uiukRihtedlv contains some organic matter 
(eiizvme.s, etc.) in .solution, had a siirfaci' tension .'ippns'iably lower 
than that of soil-water generally. If tlii.s were so, less water woiiM 
be raised from tlte subsoil, and water would iMmcolatr' only slowly 
from tlic surface during rain, and in eonsetjiienee infected soil would 
[)e drier than uninfected soil, Hut the aliove exjxniiiieui seems to 
prove that the amount (jf organic maltt'r in sohilion in infi'Cled soil 
is insufficient to i()\\er tile siirfai'c tension to a dt'grtr wliicli would 
accoiiiit for its dryness out in the liekl. 

The following experiment lias It'd lo the cont'iusioii that llie dry- 
iu‘.ss of the infected soil is due to tlie. air eniangled' in tlie meslies of 
mycelium. Ihits of infected and iininh'ctctl .soil which had been 
made as damp as possii)lc by pouring water over them, were placed 
in beakers which nearly fitted them, anti the vf'ry narrow spat'e (a few 
millimetre.s only) between the beaker and llie pot was tilh'd with 
water, d’he.se beakers containing the imls wt're placed in a wafer 
hatli and boiled in order to drive all llie air out of ilie soil and render 
it tiioroughiv water-logged. After boiling for out' and a hall lioiirs 
(he pots were taken out of llie beakers, and the contenls of llie beakers 
were poured over (he soil in (he [)eiIs; when this liad drained away 
(lie pots were watered simultaneously with <x|iial ([U.-mtiiies of water, 
and no difTerettce was olyserved between (he rate of Ilow (linnigli 
infecle<) and uninfected soil. 

Since the rale of (low of water (lirougli infected soil wbicli lias 
merely been .siihjecled to .steam in a steam slerilizcn for thrm; hums 
is still very slow compared \^■i^ll the rale ihrougdi uninfected soil, 
sterilization, unlike actual boiling in water, evidently does not 
displaite all the air wiiich i.s entangled in (he mc'shes of the mycelmm ; 
hence it may be concluded that the re.si.stancc infected soil offcr.s bj 
llie pa.s.sagc of water through it, is duo to tlie air entangded within 
(he meshes of the mycelial network ot rupying (he .spaces between the 
particles of soil. 

‘■A. D, Halt. 'J he Soil, 1904, p. 78. 
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2.— Measurements. 

The following table gives nieasurcnieiUs of the annual extension 
of three rings during four successive years, but it shows little save 
the fact that the rings increase in width and diameter annually. 


RADIAL INCREASE ALONG SEVERAL DIFFERENT RADII. 



KADICS 01 ' RISC 

lOADIAL INCREASE ALONG SEVERAL DII-'FESENT RADII, 


1907, 

3908. 

1909. j 1910. 

1911, 

King A. 

2 ft. 7^ inches 

6 inches 

7 inches ! This ring had 

The patch had 



6 „ 

9 ,, j di sappea red 

become a disc 




1 except one 

26^ inches in 




1 patch i4inches 

diameter. 




; in diameter. 


Ring B. 

4 ft. 4^ hiclics 

6 inches 

9^ inches ' 10^ inches 

1^1 inches. 




1 

\Vas not vis- 





ibie; near is a 



1 » 


well manured 




7 S : .3 „ 1 

tree, planted 




1 

1909. 



3 .. 

was not j 10^ ,, 

13^ inches. 




visible 1 


Ring C. 



6 inches 9 inches. 

13^ inches. 

Fa.t of 



7 i M 


a ring 



5 i 11 » 

1 13 .. 

only. 



j 

1 

1 


Tlio inner dark green grass zone does not alway.s coincide ■with 
the dead grass zoni* of the previous year. It may'also cover part of 
that of the year before; hence the effect of the fungus may even last 
thne years. Also the whole of the dfvu.l grass zoiu' does not always 
recover within oiu* vear and bec(une covered by dark green grass: 
this vear, ipii, in wliicli the spring anrl early summer were very dry, 
in ring C the dead grass zone, of last year was still visible to some 
extent and was separated from tliis year’s zone of dead grass by a 
zone of living grass six inches wide. From the fourth measurement 
of ring B it will be seen that it is quite possible for the mycelium to 
grow outwards, and only occasionally be present in the soil in 
sufficient quantity to kill the grass, Other instances besides this 
liave been observed; so that frequently the dead grass zone of one 
year is separated from that of a following year by an inch or two of 
grass which has never died down. 
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3.-1 KK GM-OUR 01-' TNI^ (iUAs.s, 

The grass of most pasture fields is not of a imifonn green coionr, 
but lighter and darker green patehes give a mofiled eiTert. Soib 
from many dark green patches taken from fiokls Icnowr (o be* free 
from “ Fairy Rings ” were examined with the idea (hat perhaps the 
richness of some of the grass might be due to mycelittm being more 
abundant in those areas; bm stitdi is not the case’ A little mm-linni 
is nearly always present, but nn more than is to he found’ in turf 
grmcrally ; and in (he autumn, when fungus sporophores are plentiful 
in pastures, thesr; are just as frequeiith- found on the lighter ns on 
the darker patches of turf. Nevertheless, the presence of fungus 
mycelium in lurf seems associated in man}' instances wiili a darker 
green colour of ti^e grass, even when it apparcntlv (hu-s no harm, as 
ill the case of Trichnjaifut pfrxoiuiiiin} and otliers. 

Tliis dark colour of the grass nay perliaps be correlated with the 
presence of ammonia in some combined form in (he soil, for it is well 
knoAAii that many fungi produce ammonia ns th(‘ result of (heir 
metabolic activity. Some experiments by Tlutrhlnsnn and Millar' 
have sliown that the percentages of nitrogen in the mixed herbage 
from the Rothamsted grass plots were greater ivhon the mrimirt' lists) 
was mixed with ammonium salt or even eonsisied of ammonium salt 
alone, than when sodium nitrate was used, and the grass conlainiiig 
the higher percentage of nitrogen wa.s a darker green. 

The Rel.ation’ of the Fi'ncii's to the (iE,\ss. 

The connection between the fungus and the grass is best seen bv 
sliidving the grass plants on the outer edge of flie outer dark green 
grass zone. Here the first attack of the fungus on the grass jilant 
can be readily obsciAcd. The presence of (he fungus mycelium 
among the roots is indicated bv a brownish discolouration of the 
delicate root tips orof tlie external cortical tissue of the root just above 
this region, and bv lo.s.s of svinmctrv of the root-hairs (PI. v, 
fig. 6). 

At this .stage lerv few hvphae are present, and these are only 
loosely applied to (he roots, but with an increase of mvceliiim the 
discokniratinn becomes more pronounced, and at the same time (he 
rrM'tdiairs and young tissue are scon well invested and freely jrem;- 
traied by hyplme. One or more liyphne can be seen traversing the 
lengili of a root-hair (PI. v, ^ig^ (i), 

'H, H, HulcbiuMn and N..H. ], Millar. Jour, of Aeri, Srieece, 1909, vol. si>, pt, 
nirect assimilation of ammonium salts by plants. 
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If pfras-s i)lants be taken from an infected area during January 
or February and be compared with those from an uninfected area, 
no difference between lliein will be apparent except at the roots; if 
these are washed free from soil the rusty colour of the infected roots 
will readily distinguish them from the pale healthy uninfected roots, 
The roots of infected plants also have a tendency to branch more 
than uninfected ones, and the root-tips, instead of having the usual 
.slender tapering form, are, frequently stunted. The rusty colour of 
Infected roots is due to the great mass of dead and dying rootlets and 
rhizomes. The fungus penetrates and entirely consumes the soft 
parenchymatous parts of these structures and leaves untouched the 
tough axial stele, though this in time becomes rotten, and can he 
cnimhled between the fingers, micro-organisms having no doubt 
continued the destnirlive work of the fungus (PI. vi, figs, ii and 12). 
1'lie fungus nnaliv enters the grass leaves, hut not until they are 
almost dead; it is difficult to find any fungus in merely flagging 
leaves, though the leaf- sheaths of (hc.se show hyphae everywhere 
except in the vascular bundles (PI. v, fig. 7). When the leaves are 
(lead, myeeliiim ahonnds in all the tissues except the vascular 
htindles. Dead grass leaves from plants entirely unconnected with 
Fairv Rings alwavs ha\'e fungus livphac in them, but the mycelium 
belonging to Mdrasmiiia oTCddes cannot very well be mistaken for 
that norinallv found in such leaves, since the hyphae seen in the latter 
are generally of much larger diameter and usually few'er in number. 

5.— Experiments on Grass Roots, with an Extract of iNEKCTEn 
Son,. 

From experiments made to .see. the, influence of a water-extract of 
infected soil on normal grass roots, it appears that the fungus 
excretes some substance which has a fatal action on root-tips. In 
the.se experiment.s soil taken from below a dead gra.ss zone Avas well 
stirred up with water to the consistenev of a thin pa,5te, and the 
roots of an uniiirecled gras.s plant were left in this for twenty-four 
hours. A similar c.xperimciU was arranged, but the mixture Avas 
boiled before the roots AV’ere placed in tlie liqtiid, and a third experi- 
ment u.sing ordinarv uninfected .soil AA'as kejit as a control. To each 
extract a feAv drops of toluol Avas added as an antiseptic. These 
experiments were repeated manv times, and ahvays most of the root- 
tips Avhi(d) had remained for tAventv-fnur hours in the extract of 
infected soil’ turned brown or black (PI. vi, fig. i;?); the elTert Avas 

* Tha extract of infected soil is neutral to litmus paper, whereas the extract of unintected 
soil is faintly alkaline. 
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less marked when the extract was boiled first, since then onlv a slight 
browning appeared. Young roots tilso turned black at the tips 
when allowed to remain twenty-four hours in an extract of infected 
soil from which all soil and fungus niyceliuiii had been llUered oft'. 

In the control the root-tips remained unclianged and uninjured. In 
five similar experiments using a weak extract' of fungus sporophores 
instead of the soil extract the results were identical. 

A similar extract of sporophores of /IgirricKi- aimpcslm 
discoloured and doubtless killed the young roots of grass, but tin* 
discolouration here differed from that produced by the extract of 
oreadcs, in that it was a general discolour, -iiion, theAvliole 
root being blackened, more especially in the region of the, stele, as 
well as the root-tip. The discolouration was not so intense as that 
produced by the extract of .l/aruiuttHS or cades. 

These experiments, together with observations made on roots 
which have just been attacked, suggest that the fungus first excretes 
some to.xic substance which kilhs the sensitive root and root-hairs, 
tlien penetrates and consumes the tissue of the root-apex, finally 
attacking the cortical tissue of the older parts of (he roof. 'I'hc more 
copious branching which seems to accompany infected roots, is no 
doubt due to a constant effort on the part of the plant to malm up for 
ilie continuous destruction of root-apices which goes on in the 
presence of the fungus. 

6,— PROriiOLVTlC llNZYMICS. 

Since a crop of grass is always more abundant and deeper In 
colour after the application of nitrogenoii.s manure, the fungus 
sporophores and tlie .soil containing mycelium were tested to see if 
perchance they contained any proteolytic en/.ymes, by the. help of 
which they could easily assimilate nitrogenous compounds. 

An extract of sporophores was obtained by pounding in a murlai* 
10 gms. of shredded sporophores with 2G cc. of water; tliis was left 
for twenty-four hours and strained and filtered before using. 

The e.xtract of infected .soil was obtained by pounding up the 
soil with sufficient water to cover it, <and after leaving for twenty-four 
hours, filtering before using. Toluol was u.sed as an antiseptic, and 
the experiments were repeated several times. 

In testing for peptasc o.d gm, of vegetable fibrin was digested 
with 40 or 50 cc. of the extract of sporophores or of infected soil at a 
temperature of 40^ C. ; after twenty-fou r liours the re was a g reat 
‘ I’hw’eVlract was made by poanding up four or five grams of the sporophores with 
too cc, of water. 
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('(mioisi lif‘hvf.M‘n the size of the granules in the experiment tube and 
those in the rontnil lubes of boiled extract; the diminution in size of 
the fibrin granules was more conspicuous in the case of the sporo- 
piune extract than with the soil extract. 

In testing for crf*ptase 0.5 gm. of Witte peptone was digested 
with 45 cc. of sporopliore extract. After twenty-four hours the litjuid 
in the experiment tube gn\'e a tryptophane reaction vvilli Bromine 
water, wherca.s the control tube containing boiled extract gave no 
reaction . 

The.se results showed (.luite clearly that an active peptonizing 
enzyme (peptase), which digests vegetable fibrin, and also a 
peptftlytic enzyme (ereptase) which digests Witte peptone, were pro- 
duced by tlir' fungus. 

'I'hese enzymes arc no doubt the cause of the stimulating action 
of the fungus when it first attacks the grass plants, since by means of 
them it breaks up organic compound.s of tlic soil which would other- 
wise be iina\’ailable for the grass. Some of these no doubt the 
timgu.s itself assimilates, while others are absorbed by the grass 
roots. 


7 .— The Hekext of the Mycelium on the Grass. 

I'he amount of mveelium at first is not excessive, so that 
its destructiA'c iiitluence is more than compensated for by the extra 
supply of nitr<igenoiis food material it renders aA'ailable for the grass 
plant. 

'I'liis stimulating effect of the fungus on the grass shows above 
ground in the darker colouration and improved growth of the grass 
just outside the dead grass ring. During the summer, autumn, and 
winter the mveelium increases in this outer zone until in early spring 
■it becomes so copious that the grass can no longer withstand its 
att.'ick, and so flags and finallv dies. 'I'lien for three months or more 
a zone <tf dead grass is apparent, while crops of fungus sporophores 
ap])ear 011 lliis zone at intervals for live or six montlts. 

if ha.s hf’cn menfioned that the fungus mycelium renders its 
substratum somewliat impervious to moisture; it might be thought 
that this aided the fungus in its attack upon the grass by enfeebling 
the latter and rendering it a more easy victim; but this does not 
appear to be the case, for prodding and watering a section of a fairy 
ring does not have the effect of delaying the death of the infected 
grass. Moreover, at the period xvhen the grass is rapidly dying ihc 
soil lias been found to tie (jnite moist, and was known to have been so 
for weeks previously; also, the soil under the dark grass just within 
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tlif dead rin^ always cunJaiiis very nnieh less moistarc llian that uf 
the lield generally, and it cannot be said that lack of moisture 
enfeebles tlie plaiits of this zone. 

After the fungus has destroyed (he ring of gras.s, and even while 
still producing crops of sporopliores, the grass on the ring appeals 
to be recovering, but this recovery is due to tlie penetration of 
rhizomes from outside the dead goass ring. If the season is d.amp 
this takes place fairly rapidly, though e.scessive rainfall is iinfavoiir- 
nhle to (he production of sporop] tores. 

I'he luxuriance of tlie dark green grass which succeeds im ilu* 
same zone, the dead grass of the previous year, mav thus be said to 
be due partly to the activity of the fungus inyceliiiin, which is still 
living but yet dying down since the substratum is almost unlit for 
its u.se, partly to the soil, from which for .several months of the 
previous year no food substances were removed hv grass, hm 
especially l<i the nitrogenou.s manure contributed bv the now dcaii 
mveeliutn, a manure which consists in part of the decaying mycelium 
itself and in part of easily assimilable ]iroducts formed by it from 
(lead roots in the soil. 


8. 'In’Tkrsfctjxc; Rises. 

In pastures where fairv rings are nmiuTous, instances often occur 
of one ring meeting and tlien gradually iniersectiiig another (fig. ('), 
in which case the rings ar(‘ exterminated fietween the pijinfs of intm- 
.section so that in time one large ring is formed, in.slamacs of this 
kind support the view that the fungus in some way render.s the sub- 
stratum cm which it has been growing iinlif for its further growth, 
Hence, the meeting of two rings must cause flieir extermination 



Pi^, C.— Diagrjm sliowirtg the intersection of two tings. 

s. Inner Jark green grass zone, S. Dead grass 
zone. c. Outer (lark green grass zone. 
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between tlie places of into resect ion ; also, the fact that the fairy ring 
extends as a ring and not as a disc, adds support to this hypothesis. 
'I'hi.s view receives further support from some culture experiments. 

'I'lie rill til re medium was made either of a gelatine preparation 
{(0 gm.s. gel., 3 gms. glucose, 2| gms. peptone, 2^ gms. meat extract, 
and HKi cc. water), or of bread soaked with grass and horse-dung 
decoction, mixed with an equal volume of the gelatine preparation. 
'I'liis wa.s placed in a .shallow glass vessel in the centre of which was 
fi.ved a large watch glass. 'I'lie latter contained equal parts of the cul- 
ture medium used and a similar culture medium nu xvhich the fungus 
nivcelium had been growing for twelve months and had become too 
exhausted for further growth to continue, d'his apparatus was placed 
in a glass jar and ern ered up with a glass disc. Rvery precaution was 
taken to obtain sterile apparatus and culture mediums. The cultures 
were infected by hyphae about 1.5 erns. long, taken from the middle 
of a stripe of a sporoplinre and placed so that half lay on the culture 
medium in the shallow glass vessel and the other half on the medium 
in the watch gla,ss. .Many of these cultures were utterly ruined by 
PeuicilHum, hut se,vcrnl remained pure, and tliese answered expecta- 
tions, for the g^rowth of the mycelium o> er the medium in the watch 
glass wa.s very poor and slow compared with that over (he medium 
outside. 

Ihis seems to imply llial some substance is excreted hy the 
liiugus which renders the substratum harmful to itself, rather than 
that it gradually uses up some essentia! food material, for in the 
watch glass tliere was at least half of the medium suitable for the 
growth of the fungus and there was no apparent reason for the 
hmgus nut nourishing on that. 

It has been suggested that the fungus can only attack enfeebled 
gra.ss plants, because it is well known that "Fairy Rings’’ of 
nreadev only grow on poor pastures. Now, if the outer 
zone of dark green grass were left out of consideration, this might 
he offered as an explanation of intersecting rings becoming 
exterminated between the places of intersection, since the mycelium 
of the touching dead gras.s zones would have tt; attack the vigorous 
plants of the inner dark green grass zonc.s before being able to extend 
within the touching rings. 

lint it will be seen from figure C' fliat before, the mycelium of one 
ring can extcnil into another it would have to pas.s the stimulated 
plants of the outer dark green grass zone, and since these outer zones, 
as well as the oilier zones between the points of intersection of llie 
rings, become gradually exterminated, there seems little doubt that 
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the extennination is caused hy some toxic excretion of (he nivceliiim 
of one ring rendering the .substnitiim unfit for il^e gnnvdi of ihe 
mycelium from the outer ring. 

During this investigation segments of “Fairv Ring.s" have 
disappeared if for any reason the ground in their immediate nelgii- 
bonrhood was mucli Interfered with, as for instance bv the plantin'' 
of fruit trees in soil especially prepared for them. Under these 
circuntistance.s the grass became very strong and vigorous near the 
trees, because the manuring of the soil stimulated it to iiu iv.ased 
growtli and evidently brouglit about in some wav the obliieralioir of 
parts of Fairy Rings. 

This evidence supports (he ;'iew tltat the grass if vigonrns will 
resist infection by (he fungus and offers some explanation of h'airv 
Rings usually only appearing on ])Oor pastures. 

It may perhaps be as well to jroint out that tlu’ manurrd gr.'iss 
just referred to resists infection because of its vigorous growth, but 
the, luxuriant gras.s on tlie inner dark green grass zone resists infec- 
tion because the mycelium grow ing in the same substratum is dving 
down owing to its own toxic excretions. 

d'herc are many instances loiuwn of one f.-urv ring growing 
within a much larger onf\ so tliai altlimigl) sui] in which mvcelium 
has been growing’ will not allow of the growth of a scrond crop 
immcdiat-clv following flic first. In lime it (wideiillv rci'overs its 
normal state and the iimgus once started confinues its destructive 
work. 

Many attempts have been made to start fairv rings on lawns and 
field.s bv using sods taken from rings of Clilocybe g/gfoitea and 
arcades, and bv spores from die sporoplioo's (if (liesf 
fungi, but wilboul success, 'riiis lias been a matter of surprise siiu e 
two lawns laid with turf from a field containing rings of 
orcadcs were kept under eoniinuous observalioii, and althougli 
segments of rings appeaii'd and grew for three yt'nrs (hey did not 
flourish, and in the fourth summer, a very damp one, they never 
appeared at all. 

It seems probable (hat sometimes the niimeroits fairy rings which 
occur in pastures have arisen from tlie breaking up of ofliers; that is, 
the small .segments of a large ring have fornied (lie starting places of 
other ritigs, such as are repre.sented in fig. 1), and possibly tlii.'; may 
be tlie reason why section.s of rings are more frecjuent tlian whole 
rings {fig. I)). For instance, it will be seen from the (able of mca.sure- 
meiits given on page r 18, that ring I), after being ([uite conspininiis 
in 1908 and 1909, disappeared in 1910, except for one round patch 
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inrhes in diameter; tht^ ring did not appear again in iqh, 
■ hut the patch iiicrea.sed in size apparciitl) in nearly all directions^ 



t'ig, D,- -Ttie disgram repiesenls the position of ihe dead grass <:une of a ring in three 
successive years, and shows Imw segments of one ring might have the 
appearance, after several years, of belonging to entirely different rings ; the 
patches of dead grass which were formed in the same year are shaded 
similarly. 

(hllHTt and Lawf.s' mt'iiliDii tliat rings on wiiirli few sporciphoreb 
grtiw sodii break up. d'his has also been observed during the present 
iin'e.sligatioii. but llii* breaking u{) of rings is ikiI diret'lh' connected 
with the ahseiu'e of fruit bodies, exce|)t in so f:ir as this implies a 
pttor tlevelopinttnf of llie fungus mycelium, and evidently unfavour- 
able conditions for growth. 

'I'he mvcelinm of the rings is pertninial, so tint (‘Nten.sion of a 
ring is not int(‘rf(“rt'd with in tin* slightesl degree if its ,sporophor(;.s 
are continiiallv plucked as they appear, and tlie ring is thus kept free 
from anv spore fall for a whole season. F.^iirv rings on lawn. s where 
eotisiaiK cutting aUvavs interferes with the frtiifing of the fungtis, 
litive been kttowu to persist for year.s and cause con.siderable annoy- 
aiue (o owners uninterested in inycological studies. 

III. -Faikv Ri.vos i'ORMn:r> bv Clitocvue (;ui.\NTi:.-\. 

Tint I'airv Rings formed by the fungus (7/fucvdu’ "tguuftvt 
(tig. Ir) agree in ;i general wav with those just described. They 
appear about a fortnight or three weeks later, and^their fruiting 
seasuti is not so' eNtended since their large sporophores (figs. F and 
(1) are uiilv to he found for about three or four weeks at tlte end of 
S<‘pl<‘ml)er find during Oelober. 


' Gilbert and La wes. l.c. 
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The dead grass zone does not recover nearly so quickly from this 
fungus as from A/arasmius orcaefes, in fact one ring in a iiekl on the 
side of a lull at Sutton Coldfield, Warwickshire, was bare of grass 
for more than a whole year. 

In the same neighbourhood (here is a remarkably largo ova! 
ring incomplete only on the side where it meets a liedge. In ugo 
the long diameter of this ring was about i6S feet and the narrow one 





128 BAVLISS : ON MARASMIUS OREAOES AND CLITOCYBE CIGANTEA. 

This ring, at a distance of about half a mile when covered with 
dead grass, has the appearance of a well-trodden field footpath 
(fig, E), It has been knoAvn for at least seventeen years, and is said 
to have arisen from the intersection of two rings, although no trace 
of this is to be seen now. 

Another very large, nearly perfect, circular ring, due also to 
Ciitocybe gigantea, with a diameter of 48 feet, has shown two bare 
zones for two successive years — an inner one separated by a foot of 
grass from the usual outer one. There was also a slight trace of this 
inner bare ring in the large ring just referred to, but this showed 
only for a few weeks in the summer. 



I'ig, F, — Underside of the sporophore of x J. 

Very few sporophores have appeared on these rings except at 
long intervals. In September, 1906, there wa.s an exceedingly fine 
show, and the rings were so conspicuous that the Avhile line of sporo- 
phores (PI. vii) formed a remarkable object even wlum seen a mile 
away; many of the sporophores v\ere mure than half a yard in 
diameter (figs. F and G); even the dark green grass zone within the 
dead ring can in summer and autumn be distinguished tliree-cjuarters 
of a mile away. 
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Fig. G.— Upper surface of tbe piling of X 

IV.— The Geemixatiox oe the Si’ores oe Tairv Kint; Fenci. 
r, — MaM!<mius' arr.iuirs. 

The sporcNS of .ITTWi-Rifiii' orcades are vliite oval bodie-s, which 
|:j-crminate very slowly. "I'licy measure 6 x 4 ^u. (I'h v, %■ j). 'Ihey 
germinate after three days in a weak decoctiua uf grass and in a 
nutrient solution of gelatine.* Tltey will not germinate in tap water, 
or horse dung decoction, or in malt f*\trac(. .Spores will germinate 
if kept dry for live or six days, but those six months old or more will 
not germinate. 

if may he (hat these s[>ore.s in order to germinate easily need to 
pass through the alimentary canal of some animal, such a.s a sheep, 
bird, or slug. Slugs {Avion subfusciis) ha\e frc'f(nently been seen in 
the dead grass of a fairy ring, and many sporopliores hav(; been 
found partly devoured by slugs, but these creatures kept in captivity 
could never be induced to (ouch llietn. 

The mycelium formed from the spore.s after one rnontli breaks 
up into oidia, which germinate immediately and produce another 
myceliuni consisting of a tangle of very line hyphae, with frequent 
M-and clamp-connections. _ 

‘ to gms. g«Iatine, 3Kiti 3. glucuae, aj gffls. peptone, zjinis. meat extract, and 100 «, 
water. 
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Tlio m}'celium from large cultures made on bread soaked with 
the gelatine nutrient solution, or malt extract, or on sterilized grass, 
showed a massing together of the hyphae into long branching strands 
or thin rliizomorplis similar to those which are to be seen in mycelium 
taken from infected soil (IM. v, figs. 4 and 5). 

\one (jf the.se cultures e^'er produced sporopliores, nor did the 
mvceliiim when buried in turf out in the open fields ever infect grass. 

2.~Ciitocybe gigantca. 

The spores of Clitocybe gigantea arc oval, and when seen in a 
mass have a very rich cream coloui'. They measure 6 X 4^ They 
germinato ^\■ithitl twenty-four hours in horse.-dung decoction ; they 
will also germinate in a strong decoction of^aass, but then they 
require at least tAvo days. After four days in horse-dung decoction 
all the spores were found to hav'e germinated, wliile only 50 per cent, 
had germinated in the grass defoction. ,Thev will not gerr&inate in 
tap water. 

The germ lube arises at any position of the spore, and when (mlv 
three or four times the length of the spore it begins to branch (PI. v, 
ligs. B and q), Sometimes two germ tubes are produced. ’I'lie 
mycelium produced from spores which liave germinated in hanging 
drops after three weeks or a month begins t(3 form large oidia (PI, v, 
fig. i), which germinate immediately (PI- v, fig 2). Good cultures 
of mycelium were obtained upon bread soaked Avitb iiorse-dung 
decoction and a few drops of grass decoction ; this mycelium when 
examined, after growing for three months, bore a great resemblance 
to that of Mnrasmiiis orraih’s in hm'ing tlu* hvphae of very narrow 
diameter, hut tlicre Axere no rhizomoridis. Occasionally enlarge- 
ments of the hvphae, Avhich might indicate the beginning of 
•clamvdospore formation, Averc met Avith (PI. v, fig. 10); similar 
enlargements Avere found in mycelium permeating a sod taken from 
a fairy ring in necomher. No sporophores' ever appeared on these 
cultures. 

The sporophores of both .l/ara.o7ijM.s- oreades and (.'/ftacyf'c 
gigantea are edible. 

V.— Sum MARY. 

1. .Vamsmtas oreacks, a common fairy ring fungus, is a parasite 
on grass. 

2, It attacks young roots, kills them by means of some toxic 
secretion, and gradually destroys the whole plant except the stelen* 
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The fungus is stimulating at first, and tlio grass assunu's a 
darker colour owing to better nitrogenous nutrition due to the 
proteolytic enzymes of tiio fungus acting on tlu* dead roots, hence 
(here can be distinguished a zone of dark gn'cn grass iniisitie liu* 
dead grass zone as well as inside that zone. 

4. Infected soil is very lmper\imis to inoisturt* owing to air 
entangled within the meshes of the niycadiiirn. 

.V The fungus secretes some substance toxic to itself .and so is 
not able to grow in the same soil three Atairs in succession; ilnring 
the second vear tlie fungus dies otT aiul this grass gains (he upper 
hand and flourishes tnving to die imTe.ased niirttgcnous food ;n;uU 
able; hence, the “ fairy ring " of rich luxuriant gr.ass ^^ithi^ the dvad 
grass zone. 

6 , 'riic secretion of this toxic substance acxtninis for the 

disappearance of rings between the plac(‘s of intersertinn wlien fairv 
rings meet. ^ 

7, I'airv rings formed bv llie liingiis i'lilticvbt' g/gioi/cn agree 
in gR'tieral witii those formed by dfarcNanii.v oraidcs. 

In conclusion, 1 wish to tliank l^rofessor West for llie helpful 
criticism he lias given me during the course of litis work, aiul also 
Professor Buller, to whom 1 am indebted both for the subject of this 
investigatif)n and for a iininber of suggj'stioiis made in (he <'nnrsii 
of it. 


EXPLANATION OF PLATES V, VI, AND \dl, 

Illustrating Dr, Jessie S, Bayliss' paper on ‘'Observations on Mimnmiitf 

omiUs and Clitocyhi gigmita as Parasitic Fungi causing 'Fairy Rings,”' 

Plate V. 

Fig. r.~Hyphac of Clitocyhe gigwtea breaking up into oidia. x 800. 

Fig. 2 ,~ 0 \ 6 \s. of Clitocyhe giganftii gemmating, x 800. 

Fig. 3. — Spores of Maramivs oreades, one is germinating, X 800. 

Fig. 4. --Mycelium from a culture of Mayasmm omdes showing massing 
hyphae (rhizomorphs). x 170. 

Fig, 5.— Soil infected by Mammm mudis. x 170. 

Fig. G,— A root tip of grass attacked by Mtimmius omdis, showing the 
first stage, The shaded parts indicate a brown colouration 
caused by a toxic secretion of the fungus, x 800. 
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Fig. 7.— Mycelium of enleriwg a leaf i heath, x 800. 

Fig. 8. — Mycelium produced from the spore of ClUccyhf gigcinUa after four 
days’ germination, x 800. 

Fig. g.— Germinating spores of X 800. 

Fig. to.~Slruc(ure probably representing the first stage in Chlamydospore 
formation of ClHccybe gigantia, 

PL/VTE VI. 

Fig. II, — Root of grass with cortex partly consumed by ormits, 

X 800. 

Fig. 12, -Root of grass with nearly all the cortex consumed by Mayamiius 
vreadi's. 

Fig. 13.— Roots whose lips have turned black owing to the toxic action of 
a watery extract of soil infected by MayASiniui oreadts. 

PLATE VH. 

Fig, i.| — The general appearance of part of <1 ClHocyht giganlea ring in 
September, igo6. Many of the spuiophores measured mors 
than half a yard in diameter. 











THE OCCURRENCE OF NECROBIA AND DERM ESTES 
IN COTTON BALES. 

J3y 

J, MANGAN, M.A., F.R.C.ScJ,, 

Defartmmi oj EcowmK tht Umtniiy, M<tmht$(ct, 

With Fkidkes, 

Towards the latter end uf May, njio, some .sam|des of coKon niatl(‘d 
by the cocoons and infested uilh the active lar\ae and beetles of 
^ecifohia mfipex, l)e Geer, were, forwarded to tin' I'niveisitv with the 
information that all the bales of that portion of a <-oii,sii,oiim-n( of 
l^gyptian Colton distributed to Belfast ^vere alfecled in this mnnniT 
to a depth of six or eight inches from the covering (lig. i). I'rom 
the. carnivorous hahit.s of this species, and from (he ahseiK'e of <all hut 
mature larvae, it was obvious that (he in.seels w(*r<- not ha-ding tjpon 
and muUiplving within the cotton, but that they h.ad uK-rely invaded 
it for the purpose of pupation. The discovery that .'inotlier [lortioii 
of the .same consignment was .similarlv attacked supported (he idea 
that the bales had become contaminated while in (lie hold during 
voyage from Alexandria, and all doubt upon this point was removed 
when further invr-stigatioiis rewaled thvat the cargo of ilic vessel, 
besides cotton and sundry mercli.andise, consisted of skins, rags, 
bones, and dried blood. Thi.s jear a very similar case (jf invasion 
of cotton hales by .Vccrobfc/ larvae attracted attention, and again the 
.source of infection prov’ed to hr; llie bones, dried blood, and such like 
materials carried by the steamer transporting the codon. 

That larvae of Lkmestes, if afforded an o[jpordinity, may in like- 
manner .seek to pupate in cotton was made evident by (he receipt of 
a .sample badly infested with mature larwieand pu[)ae of Dcrmcslex 
Tiilpinus,, Vah., and D, jrixchif Kug. It transpired that tlii' larvat; 
hari penetrated beneath the surface of the bales just as in (he previous 
('ase.s. As this ."aperies pupates without spinning miy cocoon, the 
cotton in this instance was not matted together, but on the other hand 
the workers handled it with great aversion and complained f)f the 
very objectionable, smell. Tliis pnrliciilaf consignmrmt had been 
as.sociated during transit from Alexandria with some “oo bag.s of 
bones, 1 

Jocks. Econ. Biol., October, 1911, vol. vi, No. 4. 
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t‘n{|i.iirit's fniled (o elicit any further instances of the 
rxxiirrence of Secrohia or l)(>rmcsL's under such rirrum.stances as the 
foregoing. As similar cases may occur from time to time, and give 



Fig. I.— Cotton mitted by the paperlike cocoons of NarobiA vujipes. Also sbowitig 
beetles which b.ivB emerged. Natural size. 

not a link' anxictv to lho.se concerned, it seems adA’isable to refer to 
the matter at greater length and to include some particulars as to the 
lifC'history and habits of these beetles, 

NtautoBiA. 

The genus Xt’cruijm belongs to a family of beetles, the Clcridae, 
the members of wliicli are carnivorous in the larval state, usually 
preving. upon the larvae of various other insects. The three 
luiropean species of Sccrobia, small briglttly coloured beetles, with 
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.Strongly clavate anlennne and I'oiir-jdiitti'cl laisi (lig, >), ruv vorv 
familiar to colcoptori^ts, and as a result of eontim-ree lutve Ikh-ouh’ 
pract'icallv cosmopolitan. 

In Sccrobia nijkolUs, Fab., uFieli proved insiriinteiUal in savinp- 
the life of the celebrated Latreille (hiring the French Rcvuluiitn-i, a 
fact comnieinorated in the appellation Si’i-robiii, (he head an<[ pan nf 
the elytra are .shining blue, the ba.se of (lie elytra, the tlioras and 
the legs, bright red, Tlie precise meaii.s of subsistence of the larva, 
iisiially found in as-sociation witli skin.s, hones and otlier animal 
matter,’ is iincertaiit, as Fcrri.s (i) has .shotMi that it mav prev u])on 
die blow-dy larvae present ratlier titan. upon the animal suhstanci's 



Fig. 2.~Necrobi.i r^fipei. x 4. 

ihem.selve.s. FTealso made the interesting observtition (hat the larvae 
pupated within the empty pupa cases of (lie blow-flies, const nirting 
no cocoon with the exception of ti little M'liite m.iterial employed to 
close up the opening. ^Ve.stwrKid's observations (2) suggest that it 
i.s rapable of .stibsisting on tlu' larvvi of Dermesics. 

A couple of specimens of .V. ruftcolHs were found in one of the 
samples of infested cotton, but since it is possilih* that they normally 
pupate within the ra.st skins or pupa cases of other insed.s it is 
unlikclv tliat their larvae art' of such importance in this connection as 
those of the next species. 

TJie head, thora.x. and ehtra of yecrohia rufifcs, Di‘ fieer(fig. 2), 
are entirely shining blue: the legs and liase of antennae red. T.englh, 
onc-.sixtli of an inch. The larva (fig. .■;) is a slender active grub, with 
a small elongate brown itead, brown profhora.x, the other segments 
greyish white, with peculiar violet tirown mottlings on Iho dorsal 
stirfat'e of each, and. bearing thinly srattered setae. The last seg- 
ment beans dorsally a strongly ch'itinised brown sclerite, which i.s 
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<;{(’,vflt(;d info two .sliorl, blunt, iiooklike processes. Pupation seems 
to always take place within a perfectly white cocoon of paperlike 
texture, and it is by adhering to this during its formation that the 
cotton become.s matted together. 



Fig. ^.—LATv&ofNtnohiaiufipts, x 4. 

There is no doubt that the larva can subsi.st entirely upon dead 
animal matter, for in America this species is known to dealers in 
dried meats as the l^ed-legged Ham Heetle or “ paper worm,” and 
its habits in this connection liav(‘ been investigated by Dr, 
HoAvaid {3). The larvae, after a rapid growth at the expense of the 
fatty ti.ssues of the ham, ” either gnaw into the muscle of the ham or 
occasionally eat into a neighbouring bcum,” there forming their 
paperlike cocoons. Tsually found in the vicinity of skin. s, carcases, 
old bones and such other animal matter, it is just possible that in 
■sucli situations this beetle may subsist bv preference upon the other 
carnivorous larvae \A'liic’h feed on these substan('es. 

yccrobiaviolavca, Linn,, an entirely blue species, with dark legs, 
does not occur so commonly a.s the other two, but has a similar 
habitat. I did not at any time find specimens of this species in the 
cotton. 

Dfrmkstfs. 

Afany members of the family Dermi'sliilne eiijov wide notoriety 
in conserjuence of the frequent and .severe depredations wrought 
upon furs and hides, food stuffs and fabrics by their voracious larvae. 
Dermestes vulpinu:^, Fab., one of (he most destructive of these 
beetles, seems capable of subsisting in the larval state upon ninsl 
animal substances, and a cargo of cork- even ha.s been de.stroyed by 
its agency. It i.s a dusky, oval insect, closely covered with while 
hairs otr the ventral .surface (iig. 4, c). The well known dark brown 




MAN'GAN ; NKl kOHIA AND Dl-RMKijTES IN' fOTlON BAUS. 


137 


hairy larva {fig 4, a), when fully grown, pupales w ithin Llie Iasi larval 
skin, which Ihe perfectly white pupa (lig. 4, h) partially or entirely 
forsakes through a slit along the head and dorsal surface. 



Fig. ^.—Dtrmistts vtilpiiiiis. a. Larva b. Pupa, c Imagu, All x 2, 

vSpecinien.s of Demcstcs jrischi, Kiig,, a very closely allied, hui 
les.s commonly occurring specie.s, formed about a third of (he adult 
individuals secured from the sample of infested ctnioiu 


That cotton in the vicinity of material infested by AVerehia and 
Dcrmeales should be iii\'aded by tlie fully grown larvae of these 
beetles is not surprising, a.s it is their liahii to bury themselves aw.ay 
before pupating. The meshes of tlie Jute or canvas wrapping of (he 
hales can oiler but slight im]:)edimenl to them, ns they are known to 
penetrate into woody and evim, in the ra.sr^ of Demestes, into hnny 
substances. .Morerwer llie Irak's are u.siially somewhat hirn and 
gaping about the edges and elsewhere. 

'J'liough their presence may be dist'oncerfing, tin', sc beetles arc 
never iikelv to rtruse .serious damage in .such cases as the foregoing, 
as they do not appear to penetrate furtlier ihau .some seven or eight 
inches into the bale, but the sorting out uf the infected material is f)f 
course a necessitv. These coii.signnnents wt're always handled with 
a considerable amount of a\er.sion by llie workers, and where the 
/)(’mL’sfes larvae were present they experienced a very objectionable 
.smell. Hence it is clearly advisable to avoid the juxta-position, 
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(Itirinii tniiisit .'ind ,stor^^|^n^ of c(i((on, and of skins, hides, dried blood, 
or other animal ])r()dii<'ts ('apahli^ of harbouring such insects as 
Dcrtnestcs and Svcrobia. 
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ON THE LOCOMOTION AND LENGTH OF LIFE OF THE 
YOUNG OF PULVINARIA y/T/S VAR. RlBESIMi, SIGN. 

By 

WALTEli E. COLLINGE, M.^c., FLS., F.E.S. 

I.v the June ussue of (he Journal of EVotiruiih' Mr, II. J. 

Ouavle lias an interesting' paper on locnnnnidn uf certain young 
scale insects, At (he time of its pulilicafion I was carrying out 
experiments myself on the subject, and as some of llie.se conlirm Mr. 
Ouavle's conclusions, and other interesting facts have been brought 
out, of economic importance, lliey are described here in detail. 

Ttie species experimented with wa.s the White Woolly t'lirrant 
Scale (/brhibiarw vitk var. nheme, Sign.). The life-history is w(‘ll 
known, having been described in various works on economic 
entomology, and need not be entered into here. 

Mv first experimeitl was made by placing si.v newly-hatrlied 
.scale.s oil three separate sheets of smooth while pa()er, each measuring 
72 X 42 inches. Fre.vioiis e.xperiments had shown (hat the scales 
invariably travelled towards tlie light, the papers were therefore 
placed on the laboratory bench facing ilu^ window, in a (cmiicraturc 
of 78° F. The young scales were placed at (he .side of the paper 
furthe.rc.st from the light, and the di.staiice travelled was marked olT 
each half hour for two hours, and then carefully measured. 

The second e.xperiinciit was a repetition of the first in a tempera- 
ture of 82^, and a third was tried in 84^^, 

The results arc tabulated (lelow. 


RATE OF TRAVFX ON SMOOTH RARER. 


Exp. 

No.' 

Date, 

Time, 

.T Dislaiiee 

[ each 4 hour. 

Total. 

la 

June 19, Kjii 

10-30—12-30 p.m. 

78^ F. 

20, tg, 20, 15 


ih 

„ 19, 1911 

T I -30-1 -30 p.in, 

F, 

20, 20, 19, ifi 

75=75’! inches 

IC 

„ ig, T911 

2—4 p.m. 

78^^ F. 

20, 21, 20, 16 

77 

2a 

June 21, igif 

ly-jn— 12-30 p.m. 

182 ’ F. 

21, ly, i 9 i 17 

76 

2b 

1, 31 , ig*i 

11-30-1-30 p.m. 

S3’ F. 

32 , zr, 18, 16 

77- yfi'i inches 

zc 

„ 21, 1911 

2—4 p.m. 

82® F. 

20, 20, 19, 17 

76 

3 '’‘ 

June 28, ign 

10-30—12-30 p,m. 

1 84’ F, 

1 34, 23, 22, 18 

87 


„ 28, 1 91 1 

2—4 p.m. 

84° F. 

26, 24, 23,20 

93=91 inches 


,, 28, 1911 

2—4 p.m. 

; 84’ F. 

j 25, 24, 3,1,30 

93 


^ igji, vol, ivj pp. jOi-306. 
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A fnrll](T s(Ti(‘s of cxperiiiK^nts wcrf made, using a sheet of glass 
instead of (lie sm(K>tli paper. As the results were practically the same 
a.s (hose tabulated above, the actual figures are unnecessary. 

h'inallv, three series in diffttrtmt (('mperatiires were ntade on the 
laboratory bench. This has an oiled leak top, and the surface is, of 
course, considerablv rougher than eitlier the paper or glass. 

'Fhe procedure adopted was similar to that recorded above, and 
the results obtained are interesting as the surface more nearly 
rt^sembled ihe actual natural conditions than in the case of either the 
glass or the j>aper. 


RATE OF TRAVEL ON TEAK BOARDS. 


© 

Date, 

1 

Time, 

Temp. 

Distance 
each 1 hour, 

Total, 

4a i 

June 29, igii , 

2—4 p.m. 

78 ' 5 ° F. 

19, 18* 

37 

4 b' 

„ 2g, 1911 

' 2—4 p.m. 

, 7S'5“ F. 

20, 18, i6| 12 

66 " 51 inches 

4c 

n 29, 1911 

2—4 p.m. 

7R'5° F. 

18, 18, 6, 8 

50 

5 a 

July 3. rgii 

2-30—4-30 p.m. 

83“ F. 

18, 17, 18, 10 

63 

5b . 

„ 3. ign 

2-30—4-30 p.m. 

83“ F. 

18- 

28 = 44'i inches 


» 3 , 1911 

2-3CI — 4-30 p.m. 

83“ F. 

16, 18, 18='' 

52 

6a 

July 12, 1911 

! 2 - 3 o~ 4 - 3 o p.m. 

94'' F. 

18, 18, 16, 14 

66 

6b 

,, 12, igir 

1 2-30—4-30 p,m. 

94 “ F. 

19, 6, 12| 10 

47^55'2 inches 

6c 

,< 12, 191 1 

; 2-30-4-30 p.m. 

94'’ F. 

18, 5, 1.3, iG 

54 


* Specimens died. 

In another case I placed some f 3 o to 70 newly-hatched (lurrant 
Scale on a .shetT of white, cardboard and exposed them to a tempera- 
ture of n)f)° to 102° F.; they slowly dispersed over the board, and at 
the end of three and a half hours were, fairly well scattered over an 
area of ab(.)Lit twr) .square, feel. 1 then turned the board over. 
Fxamiiu'd four hours later nineteen of the scales had made their way 
on t<t the upper surface; sixteen lumrs later, quite fifty were on the 
upper surface (‘xposcd to a temperature of 102°, a few had fallen off 
(he under surface and a few were dead. 

Other experiments similar to those recorded by Mr. Oiiayle were 
fried, with very similar results, with this exception that I was unable 
to get a temperature any higher than 107° F, 

.Mr. Quavle' stnle.s that young examples of the Black Seale 
{Saissetia olcae, Bern.) died at a temperature of 84® F. “ Experi- 
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menls/' lie sUitt^s. “ iL-Ialiiig to the elTect (>f hi^hi l(‘int'H'r;innv 
on voiinjr blark scales showed that it is an important factor in tin- 
causes of death. Several Inindred vonn" blark srales were librratial 
on white cardboard in the Siin with a temperature t>f 1)4° to okj^; at 
the end of two hours they were unharmed by tlie heat. A similar 
experiment is recorded with a temperature of lotr'^ to 1 to°. .\t lott® 
tlie scales were livelv, hnl as the (emperalute.s iiiciea.scd, they moved 
more slowlv, and at 110° almost all movement ceased, allhimj^b a 
two hours' expo.siire did not kill them. 

Several hundred just emerged black scales liberated on soil witli 
a temperature of 108° to 1 10° w'ere active for about one hour, but at 
the end of that period some wen; dead, and at ilie end of om* .and a 
half houis nearly all had Iteen kilhxl. A check lot in the shade were 
not affected. A large number of young placed iifinn a hoartl witli 
a temperature of n8°, nil died in five minules. Scales i-sposed in 
,sun on soil when (emperatiire wa.s 110^ (<> died wiOiin llfhrn 
minutes, lender similar conditions, with the temperature of 140^. 
death resulted in five minutes. A check lot in the .‘^liade were not 
affected." 

The distances travelled hv P. vilis, v. rilwsuu’ are considerablv 
shorter than those reported hv Mr. Ouavle. c-g., on smodtli paper; 
in two hours the Rlack Scale (Aa/sA'ctfa n/ccc, I'iiun.l at a temperature 
of *-^5° F., travelled a distance of 71-3 inches; at 80° inches; 
at 84° indies; and at po®. r.Vob indies. Ihe Ised Sc.'ile 

((luvlmuphahiK mirantii, Mask.l at 66° travelled 41.1.^ indies, ami 
at 1 1 1 inches. The Purple Seale fn-cf;//. \ewm.) 

at 62° rp.i6 indie.st at 68° 42.S7 indies; and nl So° in indies. 

Temperature undnubfedly ])lav.s a very iniportant part in the rate 

and di.stance of (rai'd. _ 

On hiokintr tlirnugh a nninhei' of the leading works on tlm 
Coeddae I lim-o been unable to find anv reference as to the length of 
time the larvae will live when separater! fmm their food plant. As 
the subject is one of considerable economic importan.-e. tti(‘ following 
olxservations mav prove ii.sefiil and interest ing. 

On iulv 6th f received a cutting from a Black (hirniit hu.sh 
liadlv attadvecl with the White Woolly ('urrant Scale (f ahmturei 
vitis'ysr. ribrnae. Sign.). On the afternoon of the same dav large 
numiters of the orangc-red coloured larvae were noticed d.spe .smg 
over the laboratory hendi. some two hundred of wnicb mv.mhd .1 

"''’onl'miniiie this box «-. July lylh 'luH uO',"' 

were Slill alive and activu. Tliu dead s|.« imens .vva- laKen .ml, .uid 
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tlie living one.s allowed to remain, Examined again on July iSth 
seventy were .still alive. Further examinations on the 20th resulted in 
(inding twenty alive, on the 22nd twelve, oil the 24th ten, and seven 
on tile 25th, three of which died on the 26th, having existed for 
practically three week.s without any food and In a temperature of 
nearly 105*^ F., being on a bench in the window which received the 
full sunlight from t) a. 111, to 6 p.ni. 

^\^^e^her the lar\ae of other species are capable of existing for 
so long a period without food I cannot say, but the fact that an 
apprer-i.able percentage r»f the original two hundred e.xisted for a fort- 
iiiglit siiggesl.s great possibilitie.s in the way of distribution of thi.s 
insert. 

The result.s obtained may be summarised as follows: — 

1. On smooth white paper or glass surface the larva travelled 
nearly S feet in a period of two hours in a temperature between 

F. 

2, On a teak boarded surface in the same length of tiine, at a 
.slightly liigher temperature the rate of progress was just over four 
feet in two hours. 

.V In all ca.ses the insects travelled in the direction of the liglU, 
and when placed in .semi-darkness, they made their way towards the 
light. 

4. 'riie larvae continued to li\e in a temperature of up to 
105*^ F., but higher than that the rate of mortal it v was great, 

V 'I'liree larwu' lived in a (rmperatiire of 105°, without any food, 
for a period of 20 day.s. 
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Caiman, W. T.— The Life of Criistaccii. Pp, xvl + 289, p and R- 
fjgs. Loadon : Methuen and Co., Ltd,, 19(1, Priec fis, 

A work dealing in a scmi-popular manner with the natural his-tory of 
the CnistacM, fills a gap In siicli literature that has long been apparent. 

All students of the Crustafe.i ore novv familiar willi Dr. Caiman’s 
admirable volume on this Class in Lankcstcr’s Treatke on /foologv, but 
something less technical was desirable for another class of readers, that 
dwelt more particularly upon the habits, modes of life, and the various 
problems suggested by a study of thc.se animals in relation (o their 
environment. 

Dr. Caiman’s volume fully meets this want, and the scope and method 
of treatment are both esccllcnt. Treating first with the lobster a.s a type 
of the Class, the author passes on to a consideration of the classiliration 
and metamorpho.scs. This latter subject is vitv iully ami clearly dealt 
with and well Illustrated. Following this arc cliaplcrs upon the cruslana 
of the sea.shorc, of the deep sea, pelagic tlouling Crustacea, the eruslacea 
of fresh waters — an unusually interesting one. Subsequent chapters deal 
with the Crustacea of the land, such as land crabs, land hermits, and wood- 
lice, cnistarca as parasites and messmates, Crustacea in relation lo man, 
and Crustacea of the past. A useful appendix on methods of collecting 
and preserving Crustacea and sontc notes on books concludes a most 
fascinating volume. 

Dr. Caiman’s work has none of the loose “popular” writing, 
common in so many recent natural history works, at the same (line he 
avoids the more Kxhnlc.al side, thereby making Ills book most inlereslitig 
and readable. 

The illustrations are all capital, llie thirty-two hall-tone plates being 
especially good. • 

The work is one w(- can hcartllv rccomimiid, and we feel sure it will 
enlist a wide range of readers. ^ 

Howard, L. O.-The House FW-Discasc Carrier. An account of its 
dangerous a^’tivilics and of the means of destroying it- 1 p. xis 
+ 3:2, r pit. and 40 figs. New York : Frederick A. Stokes Com- 
pany, iqii. Price $;.fio net. 

Careful scienlific investigations have now fully established the fact 
that the common house-fiy is a dangerous pest which distributes 

JocRN. Econ. Biol., October, 1911, voJ. vi, No. 4, 
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of typhoid and other diseases. In this book the Chief of the U.S. bureau 
of Eiitornolojo' sets forth complete information about the fly. 

No one is better qualified than Dr, Howard for such a task. As he 
points out, within the last two 3cars, articles relating to the so-called 
house-fly in connection with its discasc-r:arrying possibilities have been 
])ubll.shcd literally by the thousand, and this Interest, perhaps having its 
origin in the United States, has spread to nearly all parts of the civilised 
world, and yet in no one of these published articles is the whole story told. 
No one can find in condensed and convenient shape the general informa- 
tion he desires in regard to this insect, 

'I'he present work is not intended to be a scientific monograph; it is 
simply an attempt to toll in a simple and lucid manner what is known 
about the subjects indicated in the title. 

After describing the natiirc of the r’ammon liouse-fiy, its habits and 
metbods of breeding, he proves his case against It as a carrier of disease, 
and gea-s on to what will be the most interesting section to most readers — 
that on lameciics and prevenliee measures. He considers screening, llv 
traps and various poisons, repellants, and the Ireatment of breeding places. 

special point is niadt' of the possibilities of action by communitit^s, with 
.sijg^gestioiis as to organization, publicity, interesting the children, and the 
work of iioards ol Health. 

The CMternrination of the house-fly is mijeh to be desired as a means 
to public health, but it can only be accornplislied by the widest publicity 
and a full understanding of the suhjci t. 

Dr. Howard has produced an admirable liltlc book, full of interesl 
and wise counsel. W'c should like to see. a copy in the hands of every 
Public lleallh Department in the country, and in the hands of all intelligent 
citizens. 

W. E. C. 

Nuttall, G. H. F., and others. --Ticks : A Mnnogwaph of the Ixudoided. 
Pt. II. Pp. xix -f 244, pits, iv-vii, and 202 text figs. Bibliography 
of the Ixodoidea. Pp. vi |- 68. Cambridge : University Press, 
1 91 1. Price I2S. and 6s. net. 

Wc welcome the second part of this valuable monograph. Part i, 
issued in 1908, dealt with tliu Argasidae, and the present part treats of 
Superfamily Ixodoidea and the Family Ixodidae. 

'I'he part is divided into two sections, the first of which gives 
a historical review relating to classification, synonymy an<l literature, and 
a series of exceedingly useful descriptions of the different generic 
characters, illustrated by figures, together with an explanation of the 
terms and signs used. 
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Section II, deals with the genus Ixodvs, La(r. Here arc most useful 
keys for the determination of the males, females, nymplis :iiul larvae of 
the, different species, followed by speeitie descriptions of valid spi'cies of 
the g:cnus, and of their varieties and sub-species. It would he Impossible 
to speak too hig'lily of the rare and thoroughness lhat has been bestowed 
upon this portion of the work. Nothing seems to ha\e be'cn lost sight of, 
and thruuglioLit alt .structural (iefails are fully illustrated. 

A list of the condemned and doubtful species of /vni/c.v, ineludiiig 
their synonymy and literature, follows, and must prove of the greatest 
value to all students, It has undoubtedly entailed an entirimnis amount 
of w'ork, in which careful discriniination and souml judgment have played 
an important part, as also the notes on doubtful species of i.xoiU’s. 

Df. Nuttall contributes a series of most intcresling notes on the 
biology of Ixocks, and there are reprinis of two papers from fhe pages of 
Parasifo/ngy. Finally we lia\e an index to the valid species of Imh's, 
together with a list of the colleetions in which the ty p«-s are 1t> be found. 

Professor Nuttall and his helpers arc to be heartily eoiigratiilaterl on 
this splendid piece of work, which must long remain the standard work of 
the.se important and interesting animals. 

The bibliography, containing 2,004 referenircs, includes all the iiiore 
important papers, a'lthougli many references of an economic milure are 
omit led. 

W. I: , C. 


Punnett, K. C,— ^fendeIism. Third ed. Pp. xiii + i 7 ^>, 1 p'f^- o> 
text figs. London : ^racmillan and Co,, Ltd., tQH. Frice 5s. net. 

There are now quite u nnmhcr of introcluctory books on Mendelisin, 
but none ha^e attained ihe success reached by that of Mr. Pimndt s 
unpretentious work which appeared in 1905, A icvisvd semud udmn 
foll»wc-l In ,Q07, which h.« teen twice reprintt'H in this enunirv, nn.l wc 
new have a third cdlliuit, entirely rewritten, and mini' mlarted 

Whilst making no attempt to treat of the subject in the detail goeii 
in Mr. Hatesoa's admirable and indispensable Vnnaplcs. .1 -s roinpre- 
heiisive, concise, and wonderfully clear in method and style. ^ 

A third edition scarcely call.s for revimv, although there is hero much 
new matter in illustration of ihc grow th of our ideas on this subjuh 
It is a work which in its present form will .serve holh as an ' 

tinn to a vast ami fascinating subject, and for the ordinary rearer 
a sufficing exposition, 

,1. . .e- ,.n rjntl rarefullv chosen. 


W. E. C. 
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Ross, E. H. —The Reduction of Domestic Mosquitoes. I’p. x 4 114, 18 
illustrations. London; John .Murray, 1911. Price 5s, net. 

The sub-title of this interesting work informs us that it is a scries of 
instructions for the, use of municipalities, town councils, health officers, 
sanitary inspectors, and residents in warm climates, and to all such we can 
uiilK'sitatingly rcx'ommend it as a thoroughly practical handbook, full of 
sound common sense. 

Dr. Ro.ss sets forth in a most lucid and informing manner the import- 
ance of (iomcslic mosquitoes, their life and habits, and the most practical 
manner of eradicating such pests. 

The reduction of these disease carriers presents no difficulties, the 
cost is not groat, and if properly carried out, it prevents certain diseases 
and interests the inhabitants and encourages them to notify sickness and 
the return of mosquitoes to the local authority. 

The author’s previous experience in Rgypt (“minently fit him for 
writing such a book, In which nothing of practical importance, has heen 
overlooked. There is an atmosphere uf enthusiasm about it, and will go 
far in making converts and helpers. 

W, E. C, 

Spiller, G. — Papers on Inter-Racial Problems. Pp. xivi + 485. 

London : P. S. King and Son, igti. 

This work includes the papers communiented to the First Universal 
Congress recently held at the University of London. Many of the papers 
do not come within the scope of this j0urn.1l, but there are many that have 
a distinct interest for students of eugenics, genetics, and anthropology. 
Of these ue would mention Prof. V. Luschan’s “ .\nthropologieal View 
id Race,” ” The Instability of Human Types,” by Prof. Franz Boas, 
” Cllmallc Control of Skin-Unlour,” by Prof, Lionel W. Lydc, ” The 
Effect of Racial Miscegenation,” by Prof, Rarl Finch. 

T'hcre are many others tliat have a less bearing upon such subjects, 
or relate to them only in particular sections; all are, however, most 
interesting reading, and cannot fail to appeal to a large reading public. 

There is a concluding and useful bibliography. 

Theobald, Fred. V.— Novae Culicidae. Pt. i, pp. 35, 21 figs, Wye, 1911. 
Price 3s. 6d. 

This publication, so the author informs us, will appear at irregular 
intervals, and be mainly devoted to the description of new' Ctiiicidflc from 
.‘\frica, .^\ufitralia, Asia and Europe. The object is to have the new species 
described in a uniform series, instead of being scattered in journals and 
periodicals. 
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The part before us deals w ith a eollection Iroiii I'^aiida, ;nul 
a new Stegomyia, a new .t/esj-uea/ev, four new (’’fin'.nit (uitif’,' 
.liiTOoniyia, and an iindeseribcd The iireviouslv 

male of Cif/e.v r!ini)uiit.«'i, Tlieob., and the iiiKk'H-iibed 
Utanstacnia bimuciiiiiia, Thcob,, are also deserihed. 

The work is bcautifulh' printed and well illustrated. 


cotit.iins 
a llrw 
iinktmwn 
male of 


W. K. t'. 
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ASSOCIATION OF ECONOMIC BIOLOGISTS. 


TKXTII GFA'KRAf, \[FFTIXG, Apj^il 6th and ^tli, n)n. 

Thursday, April 6tli, icju. 

The Tenth General Meeting was held in the rniversity of 
Birmingham. 

The Pre.sident, Professor Geo. 11, C'arpeiiter, occupied (he chair, 
arid there was a good attendani'e. 

'Hie mi miles of tlie previous meeting were read, conhrnied, and 
signed. 

Mr. Richard S. Bagnall, F.F.S., was elected a member of the 
Association. 

Prof. Geo. If. (iarpenfer commimii'ated a paper on “Some 
Dipterous I.arvae from the Turnip.’’ I.ast year these caused <-on- 
siderabic damage to crops near Dundalk, Ireland. They belonged 
to an apparently iicoi species of gall-midge and to SaipU)my::a 
jhvfola. In connection with this species, several points of intere.st 
in the striK'tnre of the larvae were demonstrati'd by means of pholu- 
grraplis and drawings shown in the lantern , 

Mr. II. .Maxv\cll-iwfro\', in a verv interesling address, spoke on 
the training of economic entomologists. Not the least difficulty in 
making economic zoologists in Fngland was the jtrepon derail cc of 
the academic view, and the total absence of tlie (Tonomie view ba.sed 
on c.xperience. He pointed out tliat, in addition to a (raining in 
zoology, botany, and cliemi.stry, a course in agriculture should be 
taken, and a knowledge of held work in entomology wa.s ii.sefiil. 

Mr. Waller F. Cullinge read a paper on “House-flies and 
Public Health,” in which it was pointed out that there was now no 
longer any doubt that cholera and typhoid fever were botli spread liy 
these insects, and that there was accunuilating evidence that infantile 
diarrhoea, dysentery, and tuberculosis were also, Mr. Collinge con- 

JouRN. Econ, Biol., October, igii, vol. vi, No, 4. 
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tefidtid that a proper system of control and prevention were essential 
on the part of every corporate body having anything to do with the 
liealth of rlie general public,. After briefly referring to the ordinances 
and regulations in force in other countries, he commented upon the 
inadetpiale conditions for the keeping of food in the modern dwell- 
ing house, and the necessary reguialions for llie disposal and storage 
of manure, 5 tc. In concluding, he pointed out that it remained with 
the general public to educate the authorities in these and like matters 
if we have to remove from our midst a danger full of potentialities to 
ourselves and our children, and detrimental to the public at large. 

An interesting dist'ussioii on the standardization of economic 
iioinenclature was o[)enefl hy Mr. If. MaNWclI-l.efrov, and a com- 
mittee consisting of Prof. Ceo, H, Carpenter, Richard S. Bagnall, 
Dr. R. .S. MacDougall, H. .Maxwell-Lefruy, Prof. R, Xewstead, 
and Walter P, Cullinge (Hon. Sec.), was appointed to deal with tlie 
matter. 

Dr. C. II. Pethy bridge gave an account of some recent work 
(in disea.ses of the potato in Ireland, where the potato crop is 
]ieciiliarly liable to suffer. (Jrcat advances have been made in recent 
years in checking the ravage^s of different diseases, but there are still 
many tliat have not yielded to treatment. A considerable amount of 
attention has been given by the author to tliese, and the results are 
fully described and illustrated. 

Mr. \\h B. (bo\e described lour little known British fungi, viz,, 
.Uacr'r .v/iiim.vHi-, .Umiffbt n.sp., long known to brewers a.s 

occurring on s]jcnt hops, Init liillicrto undescribed. Rhopaheyslis 
ni^ru was a new name projmsed fur .Lvficrgi/fui' niger, and 
//(jruKufciiffrfMi c/mP^iT'^jrobic.s, a species often confounded with 
i'lad ospo riu m her bar it m . 

Mr. Walter K. Collinge directed attention to the evttremely 
serious nature of llie plague of eelwonns and while worms Nvhich are 
;il present attacking different crops throughout the countiy, and to 
the .scanty nature of 'Otir knowledge of their life-histories and 
bionomic's. 

Dr. J. H. Prieslle.y initiated a discussion on the systematic 
recording of di.seases of economi(' plants. 

‘I'he occurrence of the beetle Sccrobiu rufipcs in cotton bales 
formed the subject (.if an interesting communication by Mr. Joseph 
.Man gall. 

Mr, G. P. Johnson dimionstrated some stages in the life of the 
nematode living in the nepliridia of the earthvvorm. 

The .Associatkm accepted the invitation of Prof. Carpenter to 
meet in Dublin in 1912 at a date to be fi'ied later. 
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AXXL'Al. MKHTIXG, Ji’LY6tli, ign. 

Held at the Rooms of the Liniiean Society, London. Prof, 
Percy Groom occupied tlie chair. 

The minutes of the previous nieetinj^ were, read, contirmod, and 
signed, 

In accordance with Imw T2. iho. Council have nomin.ned the 
hdlowing gentlemen .ns the Olhc,er.s of the As.socintion for tin* year 
1911-12. Xo further nonunations having been receivi'd, these were 
put to the meeting and declared elected. 

Pri’sident: 

Pkofessok Gko. H. CAKeKNTER, B.Sc., M.R.f.A., IMCS, 
Lfce-Pre.vtJe/it.s'; 

Professor]. IL Karmkr, >f,A., D.Sc. (Ovon), IhR.S. 
Prokk-S.sok SvnvEV J. Hickson, H.A., I). .Sc., F.R.S. 

Sir Patrick .Mansmx, K.C.M.G., LI.. I)., M.l)., F.R.S. , 
pROFE.ssoR G. H. F. Nuttau. M.A., .M.I)., Sc.l).. F.R.S. 
Profes.sor F. IL Poulton, .M.A., D.Sc., F.ICS. 

CoiiiU'ii: 

PROFE.S.SOR Percy Groom, M.A., D.Sc., F.L.S. 

R. SmvART .MacDoccai-L, .\ 1 .A„ D.Sc., F.R.S. [■. 

Fr.ancis H. a. Marshai.l, D.Sc., ILR.S.F. 

Professor Kohfrt \k\vstkai>, M.Sc., .\.L.S., I'.ICS. 

G. TI. PETHVBRIlXiE, B.Sc., Pli.D. 

A. E. Snii-i.EY, i\I.A., Hon, D.Sc.. F.R.S. 

Fra.ser Story, F.R.S.E. 

Cecil W.vrburton, .\1.A. 

Hon. Treasurer'. 

R. T. Leifer, D.Sc.. .VLB., Ch.R., F./.S. 

Hon. Secretaries; 

Walter IC Colunce, .\I.,Sc„ F.[,..S., F.H.S. 

S. E. Chandler, D.Sc., F.L.S. 

Mr. Colhngc read the following Annual Report 

SIXTH ANNUAL REPORT. 

In presenting their Sixth Annual Report {covering the period, 
July, 1910, to July, 1911), your Council are plca.sed to record a year’s 
steady progress and prosperity. 
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PROCREDINGS OF TKE ASSOCJATION. 


The total number of members of all classes on June 30th, 1911, 
was 104, namely; — 

Honorary ... ... ... ... 8 

Ordinary ... ... ... ... 89 

Associate ... ... ... 7 

104 


A succe.ssful and largely attended meeting was held at the 
L'niversity of Birmingham on April 6tli and yth, 191 r. 

On tile invitation of the President it was decided to meet in 
Dublin in 19I2. 

The total receipts up to December 31st, 1910, amounted to ^,'192 
14s, 3d., whilst the total expenditure for the same period amounted 
to 13s. 4d., tea\ing a ha lama; in the liands of the lion. Treasurer 

of X 133 

There is al.so a .small balance due for (Jiit.standing subscriptions. 
Dr. Leiper presented the d'reasurer's Statement attached. 

On tlie nioliou of Prof. Buulger, seconded by Mr. Chittenden, 
the Report and Statement were approved of and passed. 

It was decided to hold the Dublin Meeting during the Paster 
Vaiaalion . 

The best thank.s of the Association to the Council of the 
Liniienn Socielv for their kindness in granting the use of their rooms 
was moved liv Prof. Roulger, and serxmded by Mr. Colli nge. 
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